In studying the complex RNA processing pathways of premRNAs with multiple introns it is often necessary to resolve RNA splicing intermediates and different topological forms of RNA. Conventional one dimension northern hybridization analysis does not offer enough resolution to discriminate intron lariats from larger unspliced pre-mRNAs. Historically, two gels with different concentrations of acrylamide have been used to distinguish between circular and linear RNA species (1, 2). However, these analyses were done on 32 P-labelled, in vitro synthesized RNA subjected to in vitro splicing reactions where sensitivity of detection is not a problem and the number of RNA species are limited. Such an analysis on in vivo RNA of genes containing multiple introns is ambiguous due to the many linear and lariatcontaining splicing intermediates and the low concentrations of these intermediates in cellular RNA samples. Detecting lariat RNAs with 2 gels is further complicated with complex RNA mixtures when an RNA band detected on one gel cannot be equated with the comparable band on another gel because the RNAs change migration order. We have therefore developed a new method to discriminate between linear and lariat RNAs in a complex, cellular RNA sample. During transverse linear gradient polyacrylamide gel electrophoresis (TGGE) under denaturing conditions, the electrophoretic mobility of lariatcontaining RNA molecules changes much more dramatically as a function of polyacrylamide concentration than that of linear RNAs. In a 3.5-8% polyacrylamide TGGE, lariat molecules run as downward arcing bands that cross over linear molecules. This feature of TGGE allows one to infer relationships between linear and lariat-containing RNAs based on their band shape across the entire gel. TGGE also offers superior sensitivity of detection due to pattern recognition compared to a ID gel, because very faint signals that might be ignored as background in a ID gel appear as distinct arcs in TGGE.
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TGGE for RNA electrophoresis is an adaptation of a protein gel procedure (3), suggested by Udo Johanningmeier. The apparatus of Studier (4) was used. Gel plates 14 cm by 16 cm were assembled with 4 mm spacers on the top, bottom, and left side of the plates. With the gel plates held vertically, and the right side on top, the gel was cast with a peristaltic pump (flow rate 4.5 ml/min) from a linear gradient maker with 8% acrylamide/8 M urea in the mixing chamber and 3.5% acrylamide/8 M urea in the second chamber. The acrylamide:bisacrylamide ratio was 19:1 in both solutions. TEMED (0.02%) and ammonium persulfate (0.04%) were added. The gel was overlaid with butanol and allowed to polymerize for 1 h. The spacer at the top of the gel was then removed, and the right spacer was clamped in place. This resulted in a linear 3.5 -8% polyacrylamide gradient gel cast transverse to the direction of electrophoresis. 100 /tg of Euglena gracilis chloroplast RNA (5) was resuspended in loading dye (80% formamide, 10 mM EDTA, pH 8.0, 1 mg/ml bromphenol blue, 1 mg/ml xylene cyanol), heated at 65°C for 15 minutes, and placed on ice. The RNA was then loaded across the top of the gel and subjected to electrophoresis in 44.5 mM Tris-borate, 44.5 mM boric acid, and 1 mM EDTA at 50 mA. When the xylene cyanol had migrated to the bottom of the gel on the 8 % side, another sample of dyes was loaded. Electrophoresis was continued until the second xylene cyanol band reached the bottom of the 3.5% side of the gel. The gel was stained with 1 /ig/ml ethidium bromide and photographed (not shown). Fractionated RNAs were transferred by electroblotting to a Genescreen membrane (NEN, DuPont Co.) and hybridized with a riboprobe (5) specific for psbA intron 1 (6). The psbA pre-mRNA is monocistronic, with 4 group II introns of sizes 435, 443, 434, and 617 nt, respectively (6).
At least 18 psbA intron 1-containing RNA species are detected (Fig. 1) . The longest linear RNAs are previously described partially spliced psbA pre-mRNA (6, 7). The low molecular weight linear RNAs have not been resolved previously. The smallest linear RNA is the size expected for the excised psbA intron 1, 435 nt. The other linear RNAs are splicing intermediates. Several lariat-containing RNAs are clearly detected as sharply curving bands (Fig. 1) . The smallest is the excised 435 nt intron 1 lariat. The next is intron lariat 1 linked to spliced exons 2-5. The largest are intron lariat 1 linked to partially spliced forms of exons 2-5. Circular excised intron RNAs for the Euglena psbA gene have been detected previously by electron microscopy (8). We have been unable to obtain any results approaching the resolution or sensitivity of detection with this RNA sample and conventional ID gel methods.
